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Abstract

Latest middle Eocene deposits in the Pondaung Formation of Myanmar have yielded specimens representing

the rodent family Anomaluridae. This is the geologically oldest record of the family. There appear to be two

or three species of Pondaung anomalurids, the most completely represented taxon of which is described as

a new genus and species, Pondaimgimys anomaluropsis. The anomalurids from the Pondaung Formation are

characterized by a complex folding pattern on the occlusal surfaces of the cheek teeth, as well as the basically

anomalurid pentalophodont condition. Undescribed anomalurids have been reported from the late Eocene of

Thailand and Oligocene of Pakistan and the Arabian Peninsula. Their Neogene distribution is only African. This

occurrence in the Pondaung Formation adds new evidence to previously reported similarities between Southeast

Asian and North African Paleogene mammalian faunas.
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Introduction

The richly fossiliferous Pondaung Formation of Myanmar has long been known for its

record of middle Eocene terrestrial mammals (Pilgrim and Cotter, 1916; Tsubamoto et ah,

2000, 2002), including a diversity of Primates, Perissodactyla, and Artiodactyla. Along

with the more recently discovered late Eocene fauna from the Krabi Basin of Thailand

(Chaimanee et ah, 1997; Ducrocq et aL, 1997), the Pondaung fauna provides an important

record of Paleogene evolutionary and paleogeographic events in southeastern Asia.

Increasingly, these faunas show some interesting similarities with others from the

Paleogene of northern Africa (Ducrocq et aL, 2000).

Recently field teams from Kyoto University and the Myanmar Government have

discovered the rodent specimens that are the subject of this report. While rodents have

been mentioned in faunal lists from the Pondaung Formation, previously these specimens

were not examined in detail and were given only a questionable familial assignment of
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Phiomyidae indet. (Tsubamoto et al., 2000). They provide evidence for an additional

instance of faunal affinities between Southeast Asian and African faunas, representing

as they do two or three species referable to the family Anomaluridae, a family that has

been endemic to Africa throughout the Neogene. The three extant genera of anomalurids,

Anomalurus, Zenkerella, and Idiurus, live in central and western Africa.

The Paleogene fossil record of the anomalurids is sparse. The first to be described, and

previously geologically oldest, was Nementchamys lavocati from the late middle or late

Eocene Bir El Ater (or Nementcha) locality of Algeria (Jaeger et al., 1985). Other reports

of anomalurids from the Paleogene of Asia include recognition of the family in the Krabi

mine of Thailand, 40 meters above the main lignite seam (Ducrocq et al., 1997) and in the

Oligocene of Oman(Thomas et al., 1999). In Baluchistan, anomalurids have been reported

from the Oligocene of the Bugti Hills (Welcomme et al., 2001). Presence of a fragment of

an anomalurid bone in the upper levels of the Eayum has been mentioned (Lavocat, 1973),

although this occurrence has not been authenticated by a description.

Terminology and Abbreviations

Dental terminology follows Jaeger et al., 1985.

NMMP:National Museum, Myanmar, Paleontology.

KU: Kyoto University of Japan.

Geologic Setting

The Pondaung Formation is distributed in the western part of central Myanmar (Fig. 1).

It overlies and partially interfingers with the Tabyin Formation and is conformably over-

lain by the Yaw Formation (Stamp, 1922; Bender, 1983; Aye Ko Aung, 1999). The Tabyin

Formation consists mainly of marine claystones, yielding Nummulites acutus, a benthic

foraminifera indicative of the middle Eocene (Fames, 1951; Bender, 1983); whereas the

Yaw Formation is mainly composed of marine shales and yields benthic foraminifera (e.g.,

Nummulites yawensis, Discocyclina sella, and Operculina sp. cf. O. canalifera) and

molluscs (e.g., Velates perversus), both of which indicate the late Eocene (Bender, 1983).

The Pondaung Formation was re-defined as the freshwater deposits of the Pondaung

Sandstones (Cotter, 1914) by Aye Ko Aung (1999). The Pondaung Formation (about 2000

m in thickness) consists of alternating mudstone, sandstone, and conglomerate, and is

subdivided into the '‘Lower” and “Upper” Members (Aye Ko Aung, 1999). The “Lower
Member” (about 1500 m in thickness) is dominated by greenish pebbly sandstone and

mudstone and contains a few fragments of leaf fossils in its upper part (Aye Ko Aung, 1999).

The “Upper Member” (about 500 min thickness) is dominated by fine- to medium-grained

sandstone and variegated mudstone (Aye Ko Aung, 1999; Aung Naing Soe, 1999; Aung
Naing Soe et ak, 2002) and contains many terrestrial mammalian and other vertebrate fossils

(e.g.. Pilgrim and Cotter, 1916; Pilgrim, 1925, 1927, 1928; Colbert, 1937, 1938; Bender,

1983; Tsubamoto et al., 2000). The mammalian fauna suggests a Bartonian Age (late middle

Eocene) for the “Upper Member” (e.g., Holroyd and Ciochon, 1994, 1995). The fission-

track age of the “Upper Member” has been calibrated as 37.2 ±1.3 Ma (= around middle-

late Eocene boundary) (Tsubamoto et al., 2002). Therefore, the age of the “Upper Member”
is likely to be the latest middle Eocene,

Most mammalian fossils from the Pondaung Formation have been recovered from the

lower half of the “Upper Member” (Aye Ko Aung, 2001). The currently known fossil sites

for the Pondaung fauna are distributed on the west side of the Chindwin River, extending

about 50 km from northwest to southeast, and are roughly divided into three main areas,

that is, Bahin, Pangan, and Mogaung (Fig. 1; Tsubamoto et al., 2000).
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Fig. 1. —Left. Map of part of Southeast Asia showing the location of the Pondaung area within Myamar. Right.

Pondaung area showing localities where the rodent fossils were collected.

Systematic Paleontology

Family Anomaluridae

Pondaungimys anomaluropsis, new genus and species

Fig. 2

Synonymy; ?Phiomyidae indet. C in Tsubamoto et ah, 2000, p. 38-39, Plate 1, A-C.

Holotype. —̂NMMP-KU0213, a left mandibular fragment with Mi_ 3 .

Repository. —̂National Museum, Yangon, Myanmar.
Locality .

—

^Bhl locality, Bahin area (Fig. 1; Tsubamoto et al., 2000, fig. 5).

Formation and Age .

—

^Lower part of the “Upper Member” of the Pondaung Formation;

latest middle Eocene.

Diagnosis. —̂Anomalurid with molars increasing in length from Mi—

M

3 ,
more lophate

than cuspate; lower molars having elevated cingula around lingual side and pentalophodont

occlusal pattern composed of an anterolophid, metalophulid I, mesolophid, hypolophid,

and posterolophid. Metalophulid I and mesolophid complexly branching. Compared to

Nementchamys, Pondaungimys has a less well-developed metalophulid I and fewer small

complex folds in the trigonid and central basins. Differs from known Neogene anomalurids

in having weaker crests in the occlusal pattern and more complex crenulations.

Dental Measurements .

—

See Table 1.
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Fig. 2. —Pondaungimys anomaluropsis, new genus and species, holotype: NMMP-KU0213, left mandibular

fragment with Mi_ 3 . A. Occlusal view of teeth. B. Entire specimen showing jaw structure.

Etymology .—For the genus, Pondaung Fonnation, and mys, Greek, mouse; for the species, Gr. anomaluros,

different, and opsis, like, referring to the familial affinities of this rodent.

Description .—̂An incomplete left mandible with Mi—M3 and the alveolus of P4, NMMP-KU0213 (Fig. 2 ),

represents a new taxon of anomalurid rodent. The mandible appears to have been sturdily built. At the diastema the

mandible drops down only gradually anterior to the alveolus of P4. There appears to have been a mental foramen

high on the jaw below the diastema just anterior to the alveolus of P4. The masseteric fossa is deeply concave and

extends forward to below the trigonid of M2 ;
its ventral ridge continues forward to below the middle of Mi. The

mandible differs from that of Recent Anomalunis but shares some characters with species of the Miocene

Paranomalurus (Lavocat, 1973): the lack of a drop of the mandible anterior to P4 occurs also in P. soniae, whereas

the distinct masseteric fossa can be found in P. hishopi. Unfortunately, the posterior-most part of the mandible,

including the coronoid and condyloid processes and the angle, is not preserved.

The alveolus suggests that P4 was longer than M^ The molars, which increase in size from Mi to M3, have

occlusal surfaces with well-developed main crests and numerous lesser crenulations and also are surrounded

lingually by an elevated cingulum of enamel. They are distinctly more lophate than cuspate.
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Table 1. —Measurements (in mm) of Pondaung anomalurids (all NMMP-KUnumbers).

P. anomaluropsis ?P. anomaluropsis anomalurid sp. 1 anomalurid sp. 2

0213 (holotype) 0049 0047 0231 1533

a-p tr a-p tr a-p tr a-p tr a-p tr

Ml 2.6 2.2 _ _ _ _ ca. 2.3 2.1 2.2 2.0

M2 2.7 2.5 2.8 2.5 2.8 2.8 2.3 2.2 - -

M3 3.2 2.6 3.1 2.2 - - 2.5 2.2 -

The first lower molar is worn heavily enough to have some of the pattern on the trigonid obliterated. Still

prominent features of the occlusal surface are as follows: a strong anterolophid between protoconid and metaconid;

an ectolophid extending obliquely posterolingually from protoconid to the intersection of hypoconid and

hypolophid; a mesolophid that has complex subdivisions lingually; a hypoconid that is canted anterobuccally;

a long, straight hypolophid; and a strong, posteriorly convex posterolophid that, with the hypolophid, encloses

a transversely elongate valley.

The less worn M2 preserves more detail of the pentalophodont occlusal surface. Antero- and posterolophid,

ectolophid, and hypoconid-hypolophid resemble those on Mi. In addition, M2 preserves the metalophulid I, which

is complex lingually —appearing to bifurcate and have a short posteriorly extending process. The mesolophid

appears to be double at the ectolophid junction, and its more posterior extension is bifurcate lingually.

The last lower molar, the largest of the three, is similarly complex. It differs from M2 mainly in having a

posterolophid that protrudes more posteriorly. The posterolingual part of the posterolophid is broken from the

specimen, so its full extent is not determinable.

Probably also referable to P. anomaluropsis is NMMP-KU0049, a left mandibular fragment with M2_3

so badly eroded that very little pattern remains. Traces of multiple lophids suggest that this is an anomalurid,

and its size (Table 1) puts it near Pondaungimys. It is from Wka or Kdw locality (Mogaung area, Fig. 1;

Tsubamoto et al., 2000, fig. 7, pi. 1 I; the specimen was collected by local villagers, so the exact locality is not

certain).

Anomalurid sp. 1

NMMP-KU0047 (Fig. 3A), a left M2 ,
has a somewhat similar but more complex

occlusal pattern than that of Pondaungimys, and the tooth is larger and relatively wider

transversely than those of Pondaungimys. Because the sample size of Pondaung rodents is

too small to provide any indication of individual variation, this specimen is tentatively

considered to represent another anomalurid taxon. It is from Wka or Kdw locality

(Mogaung area. Fig. 1; Tsubamoto et al., 2000, fig. 7, pi. 1 G).

Anomalurid sp. 2

NMMP-KU1533 (Fig. 4A), a right mandibular fragment with Mi and alveoli for the

other cheek teeth (Pkl locality, Bahin area), and NMMP-KU0231 (Pk2 locality, Bahin

area; Fig. 1; Tsubamoto et ah, 2000, fig. 5, pi. 1 D-F), a right mandibular fragment with

Ml—

M

3 (Fig. 4B), represent a smaller species. Both specimens have more worn teeth than

NMMP-KU0213 of Pondaungimys. The remaining pattern and basic pentalophodont

structure indicate that this is an anomalurid, probably close to Pondaungimys if not the same
genus. The mandible of NMMP-KU1533 has a deep masseteric fossa and strong ventral

ridge as in Pondaungimys.

Anomalurid sp.

NMMP-KU0048 (Fig. 3B), a right maxillary fragment with P^^, has the size and

morphology that suggest reference to Pondaungimys anomaluropsis. The anterior root of

the zygoma occurs in line with P'^ to the middle of P"^, and juts out at a greater angle than in

a similarly sized Sciuravus, suggesting that there may have been an enlarged infraorbital
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Fig. 3. —A. Anomalurid sp. 1, NMMP-KU0047, occlusal view of left M2 . B. Anomalurid sp., NMMP-KU0048,

occlusal view of maxillary fragment with P3^.
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foramen as in modemanomalurids. is a simple peg (anteroposterior, 0.9 mm; transverse,

1.1 mm). This tooth is absent in Miocene and later members of the family. P^, broken

buccally, preserves a strong cingulum around the remaining sides (anteroposterior, 2.4

mm). It has a distinct protoloph, long mesoloph that bifurcates lingually, sending one arm to

the metaloph, and a complete metaloph. The hypocone is set off by a small lingual notch,

but as is the case with the lower molars, the tooth is basically more lophate than cuspate.

NMMP-KU0048 is from Wka or Kdw locality (Mogaung area, Fig. 1; Tsubamoto et ah,

2000, fig. 7, pi. IH).

Discussion

Although the family Anomaluridae has been listed as a component of several Paleogene

faunas (Krabi, Thailand; Taqah, Oman; Bugti, Pakistan), the only previously described

Eocene anomalurid is Nementchamys lavocati from the ?late Eocene Bir El Ater or

Nementcha locality of the Nementcha Mountains of Eastern Algeria (Jaeger et ah, 1985). A
taxon based on isolated upper and lower teeth, Nementchamys has distinctly anomalurid

features in its basically pentalophodont lower molars, complete lingual wall of the lower

molars and buccal wall of the upper molars, and the somewhat concave occlusal surfaces of

the cheek teeth. Pondaungimys and Nementchamys clearly share many dental characters,

although the latter is more derived in complexity of accessory crests.

The origin of the Anomaluridae was traced to the late early or early middle Eocene

Zegdoumyidae (Vianey-Liaud et ah, 1994; Vianey-Liaud and Jaeger, 1996), which are

known from Glib Zegdou (Algeria) and Chambi (Tunisia). Three genera have been

recognized, Zegdoumys, Glibia, and Glibemys, based on twenty-nine isolated teeth. These

genera, which exhibit a variety of dental morphologies, have different degrees of similarity

to anomalurids. This is shown especially in early stages of pentalophodonty, multiplication

of accessory crests, and some development of a lingual wall on the lower cheek teeth. Of
them, Glibia pentalopha is most similar to Pondaungimys in development of transverse

lophs, and Glibemys algeriensis is most similar in morphology of the lingual wall of the

lower molars. However, Pondaungimys is more derived than any of the Zegdoumyidae in

having the characteristic anomalurid features of a complete lingual wall of the lower cheek

teeth and more distinct pentalophodonty. On the other hand, the zegdoumyids are more
derived than Pondaungimys and other anomalurids in absence of a complete ectolophid

in the lower molars (Vianey-Liaud et ah, 1994), a character shared with the Gliridae

(Hartenberger, 1971) as well as with some Sciuravidae (Korth, 1984).

Morphological and biogeographic considerations led Vianey-Liaud and Jaeger (1996) to

hypothesize an ancestral position of the Zegdoumyidae to both the graphiurine Gliridae

(elevated by them to family Graphiuridae) and the Anomaluridae. The first postulate, relation-

ships between Zegdoumyidae and graphiurines, is supported by their dental morphology.

However, the suggestion of affinities between the zegdoumyids and the anomalurids is less

well supported by known fossils. The very strong ectolophid and complete lingual wall on the

lower cheek teeth in both the oldest-known anomalurids, Pondaungimys and Nementchamys,

for example, are marked differences from zegdoumyids, Graphiurus, and other glirids.

A more complete fossil record would help in determining relationship among these

families, but for the Gliridae, including Graphiurus, and Anomaluridae, molecular evi-

dence from living forms provides some additional evidence. For example, the Gliridae have

been shown to group with the Sciuroidea, based on an analysis of the combined data from

three genes, whereas the Anomaluridae group with a “mouse-related clade” that includes

Castoridae, Geomyoidea, and Myodonta (Huchon et al., 2002). A study of the GHRgene

shows, further, that Graphiurus groups as do the other glirids with the sciurid-aplodontid
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Fig. 4. —Anomalurid sp. 2. A. NMMP-KU1533, occlusal view of right mandibular fragment with Mi and alveoli

for the other cheek teeth. B. NMMP-KU0231, occlusal view of right mandibular fragment with Mi—

M

3 .

clade (Waddell and Shelley, in press). Although the source of the anomalurids is still not

clear, molecular evidence does suggest a separate origin for anomalurids and glirids.

The role of the zegdoumyids in this scheme is here interpreted to involve, on the basis

of an admittedly incomplete fossil record, close relationships to glirids but not to ano-

malurids.

Biogeographic considerations show that glirids are known to have inhabited southern

France by the end of the early Eocene, Paleogene MammalLevel MP10 (Escarguel, 1999).

Thus, the fossil record could support the concept of a migration by glirids from southern

Europe into Africa and origin there of the zegdoumyids. No glirids are known from Asia

until the latest Oligocene, precluding such a source for the zegdoumyids. As for the

anomalurids, presence of Pondaungimys in southeast Asia opens the possibility of

phylogenetic connections with several groups of non-ctenodactyloid Asian rodents, but

whether with ischyromyids or others remains a matter of speculation.
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Fig. 5. —Occlusal surfaces of lower Mior 2 of an ischyromyid, an anomalurid, a glirid, and a zegdoumyid,

comparing the primitive condition having a complete ectolophid (A, Eoischyromys from the middle Eocene

of China, and B, Pondaungimys) with the derived reduction or absence of it (C, GUravus rohiacensis of MP16

of France, and D, Glibia pentalopha). After: A, Wang et al,, 1998; B, This paper; C, Hartenberger, 1971; and

D, Vianey-Liaud et al, 1994.

Pondaungimys is the oldest anomalurid currently recognized, as well as the oldest

indication of the family in Asia. Suggestion of some diversity within the family in the

Pondaung localities may imply a still earlier record in southeast Asia, allowing time for

diversification in the wet coastal area represented by the fluvio-deltaic depositional setting

of the upper part of the Pondaung Formation (Aung et al., 2002). The occurrence of

anomalurids in the Pondaung fauna and in the younger Krabi locality of Thailand and in the

Nementcha locality of Algeria is another indication of faunal exchange between Africa and

southeastern Asia in the middle to late Eocene, documented also among other rodents,

Primates and Artiodactyla (Chaimanee et al., 1997; Ducrocq et al., 1997; Marivaux et al.,

2000). The dispersal of these rodents probably occurred by the end of the middle Eocene,

but neither the precise route nor the environmental conditions for the faunal exchange are

known. Lack of any trace of anomalurids in the known fossil record of central Asia seems to

indicate that the migration took place south of the Tethys Sea.

The Neogene record of anomalurids can be traced to Paranomalurus and Zenker ella

from the early Miocene of Kenya. Dentally these genera are very similar to extant ano-

malurids, and an ulnar fragment suggests that the gliding locomotion used by Anomalurus

and Idiurus had developed by that time (Lavocat, 1973).

Both Pondaungimys and Nementchamys have dental patterns that are more complex than

in Miocene and later anomalurids, in which five or fewer transverse lophs provide the only

pattern on the cheek teeth. Recent anomalurids feed on sap, bark, flowers, leaves, fruit, and

insects (Julliot et al., 1998). The complexity of crests in the occlusal pattern of the cheek

teeth in Eocene anomalurids suggests different feeding habits, but the functional signifi-

cance of complex folds on rodent molariform teeth, present also in such Eocene rodents as

Thisbemys, Lophiparamys, and Eutypomys, is not yet clear.
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